Acut e ischemic heart failure (AIHF) is often associated with multivessel coronary artery disease (1) . The patients usually have a long history of revascularization treatments, including percutaneous coronary intervention and coronary artery bypass grafting, and thus additional revascularization procedures are not preferred. This often leads to a reliance on medical therapy to maintain their clinical condition (2, 3) . Nitrates are commonly used for the management of AIHF in the acute phase (4) (5) (6) (7) . Nicorandil (N-(2-hydroxyethyl)-nicotinamide nitrate; Chugai), a hybrid of an adenosine triphosphate (ATP)-sensitive potassium channel opener and a nitrate, is also used to treat patients with AIHF to improve the recovery of postischemic cardiac contractile function (8, 9) . Nicorandil exerts a vasodilatory effect on the systemic veins, and it also dilates arteries, including the peripheral arteries, by opening ATPsensitive potassium channels (10) (11) (12) . Previous studies have shown that the intravenous administration of nicorandil in the acute phase of AIHF improves cardiac output, reduces pulmonary pressure, and modulates hemodynamic parameters (13, 14) .
Traditionally, vasodilators have been used to calculate both myocardial flow reserve (MFR) and fractional flow reserve (FFR) (15) . However, recent studies have found nicorandil to be a safer and more effective vasodilator than adenosine for the measurement of FFR (16, 17) . Therefore, nicorandil may also be used to estimate MFR. MFR is commonly measured by myocardial perfusion PET/CT and provides insight on the severity of coronary artery disease (18, 19) . MFR calculation using conventional SPECT has not been possible until now. Myocardial blood flow increasing rate (MBF-IR), derived from myocardial perfusion SPECT using dynamic acquisition similar to PET/CT, could be an alternative to coronary flow reserve (CFR) (20) . However, there is no established alternative method for calculating CFR using conventional, nondynamic myocardial perfusion SPECT.
The aims of this study were to assess the effect of nicorandil by calculating myocardium-to-background ratio increasing rate (MBR-IR) as an alternative to CFR using conventional myocardial perfusion SPECT with intravenous administration of nicorandil and to evaluate the prognostic value of MBR-IR in patients with AIHF.
MATERIALS AND METHODS

Patient Population
Thirty consecutive patients with suspected AIHF, admitted to the coronary care unit between November 2008 and October 2009, were considered for this study. The diagnoses were based on serum myocardial enzyme activity, electrocardiogram, transthoracic echocardiography, and coronary angiography (CAG) findings. Eight patients with nonischemic heart failure, such as valvular heart disease, hypertensive heart disease, or complete left bundle block, were excluded from this study, resulting in a sample size of 22 patients with AIHF (age, 70 6 12 y; 16 men and 6 women). The study protocol was received and approved by the institutional review board, and written informed consent was obtained from all study participants.
Myocardial Perfusion SPECT
All patients in this study underwent both nicorandil-stress and rest myocardial perfusion SPECT at a minimum interval of 48 h. Test orders were randomized to ensure that 50% of participants underwent the nicorandil-stress test first, while the remainder underwent the rest test first. The acquisition was performed using the dual-head g-camera Infinia (GE Healthcare). For nicorandil-stress imaging, 600 MBq of 99m Tc-sestamibi were injected immediately after a 0.2 mg/kg nicorandil bolus injection, which was administered over a 5-min period, while SPECT data were acquired 30 min later. For rest imaging, SPECT data were acquired 30 min after injecting 600 MBq of 99m Tc-sestamibi. In both tests, 30 projection images were obtained in 6°increments over an orbit of 180°at a rate of 45 beats per projection using electrocardiogram-gated acquisition. The image matrix size was 64, and a low-energy high-resolution collimator was used. Collected data were reformatted into nonelectrocardiogram-gated short axial, horizontal-long axial, and vertical-long axial SPECT images via reconstruction with ordered-subsets expectation maximization and without attenuation correction.
Data Acquisition
For both nicorandil-stress and rest images, the left ventricular myocardium was divided into 17 segments (21), and 2-dimensional regions of interest (ROIs) were drawn on each myocardial segment in the short axial, horizontal-long axial, and vertical-long axial SPECT images. ROIs were drawn on the upper mediastinum in transaxial SPECT images as background to facilitate the calculation of myocardiumto-background ratio (MBR 5 peak value of the left ventricular myocardial segments/mean value of the upper mediastinum). Both the mean MBR of all segments and the MBR-IR (MBR-IR 5 MBR stress / MBR rest ) were calculated for all patients using this method. In order to evaluate the clinical importance of MBR-IR, patients in this study were divided into 2 groups based on their MBR-IR value. The optimal cutoff MBR-IR value was determined using a receiver-operatingcharacteristic curve in reference to major adverse cardiac event (MACE) occurrences.
Evaluation of Prognosis
All patients were observed over 5 y from the onset of AIHF and for the occurrence of MACE, which were defined as fatal cardiac events, nonfatal myocardial infarctions, revascularization procedures due to exacerbation of angina pectoris, or hospitalizations due to the deterioration of heart failure. The endpoint for this study was defined as either the occurrence of MACE or 5 y after AIHF onset. Events that occurred within 30 d of initial onset were not considered as MACE. The relationship between the occurrence of MACE and various clinical parameters, including MBR-IR, was analyzed.
Statistical Analysis
Continuous variables are expressed as mean 6 SD for normally distributed data. Data not distributed normally, such as nicorandilstress and rest MBR and MBR-IR, are presented as medians with 25th and 75th percentiles. Categorical variables are presented as counts (%).
A paired t test was used to compare cardiovascular parameters, such as blood pressure and heart rate under nicorandil-stress and rest conditions. Left ventricular ejection fraction (LVEF), left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV), summed stress score (SSS), summed rest score (SRS), and both nicorandil-stress and rest MBR and MBR-IR were not normally distributed and were compared using the Wilcoxon signed-rank test or Mann-Whitney U test. Categorical variables were compared using the Fisher's exact probability test for the bivariate data and the MannWhitney U test for New York Heart Association class. Receiveroperating-characteristic analysis was used to determine the optimal cutoff value of MBR-IR for predicting MACE occurrences by maximizing the sum of sensitivity and specificity. The proportion of event-free patients was estimated by the Kaplan-Meier method and compared between high-and low-MBR-IR groups using the log-rank test. Variables with a significance level of P less than 0.2 in the univariate Cox regression analysis were included in a multivariate Cox regression model to evaluate factors independently associated with the future occurrence of MACE.
A P value of less than 0.05 was considered statistically significant. All statistical analyses were performed using StatMate IV software (version 4.01; Advanced Technology for Medicine and Science).
RESULTS
Clinical Characteristics and Cardiovascular Parameter Variation Between Nicorandil-Stress and Rest Conditions
Twenty-two patients (age, 70 6 12 y; 16 men, 6 women) underwent both nicorandil-stress and rest myocardial perfusion SPECT for the assessment of MBR-IR. Patient characteristics, including comorbidities and intervals between the nicorandilstress test, the rest test, and CAG, are presented in Table 1 . Patients underwent the first myocardial perfusion SPECT once their clinical condition was considered stable, 8 (6-12) days after the initial onset of AIHF. Table 2 shows cardiovascular parameter variations between nicorandil-stress and rest test conditions. Although systolic and diastolic blood pressure decreased significantly and heart rate increased significantly under nicorandil-stress conditions compared with the values at rest conditions (P , 0.001, P 5 0.004, and P , 0.001), both blood pressure and heart rate were within a safe range and no serious adverse events occurred after intravenous nicorandil administration. No significant changes were observed in LVEF, LVEDV, and LVESV between nicorandil-stress and rest conditions (P 5 0.106, 0.516, and 0.276, respectively).
Patient Categorization by MBR-IR Value
Using receiver-operating-characteristic analysis for predicting MACE occurrences, 11 patients were assigned to the high-MBR-IR group, while the remaining 11 were assigned to the low-MBR-IR group. Median MBR-IR was 1.55 (1.34-1.61) in the high group and 1.08 (1.02-1.10) in the low group (Table 3) . The cutoff value for MBR-IR was 1.15, and the area under the curve, sensitivity, and specificity were 0.866, 91%, and 91%, respectively.
Patient Prognosis
All participants were observed over 5 y from the onset of AIHF. Of the 22 subjects, 12 (55%) experienced MACE during the 5-y follow-up period. A fatal cardiac event occurred in 1 patient, a nonfatal myocardial infarction in 1 patient, revascularization due to exacerbation of angina pectoris in 2 patients, and hospitalization due to deterioration of heart failure in 8 patients. Of the 12 incidents of MACE, only a single case of deterioration of heart failure and a single fatal cardiac event occurred in the high-MBR-IR group. In summary, the proportion of patients who experienced MACE was significantly higher in the low-MBR-IR group than in the high-MBR-IR group (10/11 vs. 2/11 patients, P , 0.001) (Fig. 1) . A comparison of the clinical profiles of all subjects who did and did not experience MACE is presented in Table 4 . Table 5 shows the results of the univariate and multivariate Cox regression analysis for the occurrence of MACE. In the multivariate analysis, low MBR-IR was determined to be the sole independent prognostic factor (P 5 0.004). Figure 2 shows a typical case of a patient in the high-MBR-IR group. This 77-y-old man showed ST depression in V 1 -V 5 on the electrocardiogram on admission. Emergency CAG showed 75% stenosis in the left main coronary artery and the proximal left circumflex artery and chronic total occlusion in the proximal left anterior descending artery. Eight days after onset, a nicorandil-stress test was performed, and rest imaging was performed 3 d later. The rest image showed anteroseptal-apical perfusion defects, whereas improved perfusion was observed for the anteroseptal wall in the nicorandilstress image. MBR-IR was relatively high for an AIHF patient with a value of 1.48. In this case, the patient remained MACE-free for the entire 5-y follow-up period. Figure 3 shows a typical case of a patient in the low-MBR-IR group who experienced MACE during the follow-up period. In this 69-y-old woman, ST depression in V 1 -V 4 was observed on electrocardiogram on admission. Emergency CAG showed 75% stenosis of the proximal left anterior descending artery, first diagonal branch, obtuse marginal branch, and posterolateral artery. Six days after onset, a nicorandil-stress test was performed, and rest imaging was performed 2 d later. Nicorandil-stress and rest images showed anteroseptal-apical perfusion defects, and perfusion improvement was observed only in the marginal zone of the previous myocardial infarction in the nicorandil-stress image.
Case Presentations
MBR-IR
was low, with a value of 1.09. In this case, the patient was hospitalized due to deterioration of heart failure 189 d after initial onset.
DISCUSSION
In the present study, to assess the effect of nicorandil, MBR-IR as an alternative to MFR was calculated using conventional myocardial perfusion SPECT with intravenous administration of nicorandil and the prognostic value of MBR-IR was evaluated in patients with AIHF. The results showed that MBR-IR was a valuable prognostic marker, with low MBR-IR indicating a poorer prognosis than high MBR-IR. No other parameters proved to be of prognostic value within this patient group.
Myocardial Perfusion SPECT with Intravenous Bolus Administration of Nicorandil
Using a vasodilator, such as adenosine, has been standard for calculating MFR and FFR in a clinical setting (15) . Adenosine is a standard drug for achieving maximum hyperemia, mostly in coronary microarteries, by activating A2A receptors in vascular smooth muscles (11) . However, the use of such agents is limited in patients with AIHF because of the potential for complications, such as chest discomfort; bronchial asthma; hypotension; arrhythmia, including transient atrioventricular block; and myocardial ischemia due to coronary steal phenomenon. Nicorandil is a particularly effective hyperemic agent, as it induces dilatation of microarteries as well as pericardial arteries unlike adenosine, and this response is more significant in ischemic areas (12) . Figures 2 and 3 show the effects of nicorandil on ischemic tissue surrounding the necrotic core of a previous myocardial infarction. Unlike adenosine-stress images, myocardial perfusion in the ischemic area is improved in the nicorandil-stress images. A recent study reported nicorandil to be a safer and more effective vasodilator than ATP for the measurement of FFR (16, 17) . As nicorandil has both nitratelike and ATP-sensitive potassium-channel-activating properties, it does not cause coronary steal phenomenon (11) . Furthermore, despite differing modes of action, a strong, linear correlation between FFR using ATP and FFR using nicorandil has been demonstrated Categorical data are expressed as numbers, followed by percentages in parentheses, unless otherwise indicated; continuous data are expressed as mean ± SD or median (25th-75th). (17). Thus, nicorandil was chosen as the vasodilator for the present study, and its therapeutic effect was also demonstrated.
Calculating MBR-IR Using Conventional Myocardial SPECT
Traditionally, MFR is calculated using myocardial perfusion PET/CT and intravenous administration of vasodilators commonly used in myocardial perfusion imaging, including adenosine (18, 19) . MFR is calculated by dividing vasodilator stress MBF by rest MBF, as obtained by dynamic acquisition. However, as PET/CT is available only at a limited number of facilities, a more convenient method for calculating MFR has long been sought. MBF-IR, determined using myocardial perfusion SPECT, could provide an alternative for MFR (20) . However, as is the case with PET/ CT, this method still requires dynamic acquisition that may lead to inaccurate results due to low acquisition efficiency associated with SPECT. In the present study, a simpler and more convenient method for calculating a prognostic marker, MBR-IR, another alternative to MFR, using static SPECT images was devised, thus removing the need for dynamic acquisition. As SPECT is usually much more accessible than PET/CT, MBR-IR can be used in a large number of facilities. MBR was calculated by dividing peak value of the left ventricular myocardial segments by mean value of the upper mediastinum. MBR-IR was calculated by dividing stress MBR by rest MBR. As the median stress-to-rest ratio of mean background counts in mediastinum was 1.00 (0.92-1.11) and fluctuations were low, MBR-IR was similar to the stress-to-rest ratio of mean myocardial accumulation. In several cases with severe AIHF, high pulmonary accumulation may affect mediastinal counts. However, this adverse effect was minimized by placing mediastinal ROIs as distant from the lungs as possible.
Comparing MBR-IR and MFR in Patients with AIHF
The reference range of MFR derived from myocardial perfusion PET/CT was previously reported to be 2.74 6 0.67, whereas the mean value of MFR was 1.23 6 0.43 in severe ischemic areas (22, 23) . In patients with suspected myocardial ischemia, MBF-IR Categorical data are expressed as counts (%), and continuous data are expressed as mean ± SD or median (25th-75th).
FIGURE 1.
Kaplan-Meier curve in reference to MACE stratified by MBR-IR value y-axis represents cumulative event-free rate (log-rank test, P , 0.001).
in low-, moderate-, and high-CFR groups were 1.19 6 0.19, 1.50 6 0.18, and 1.78 6 0.18, respectively, and MBF-IR closely correlated with CFR (20) . As AIHF is generally considered a severe ischemic heart disease, CFR in such patients is likely to be low. In this study, MBR-IR was 1.55 (1.34-1.61) in the high-MBR-IR group and 1.08 (1.02-1.10) in the low-MBR-IR group. These figures equate well with the aforementioned MBF-IR values in moderate-and low-MBF-IR groups. Furthermore, whereas MFR and CFR are measurements of blood flow, MBR-IR is a count ratio of myocardial accumulation. Although SPECT has low sensitivity in diagnosing multivessel disease, MBR-IR could be instrumental for the detection of diffused myocardial ischemia. Because of the low extraction fraction of 99m Tc-sestamibi into myocardium, the MBR-IR may underestimate the CFR in highly perfused myocardium similarly to MBF-IR (20) . However, as MFR in patients with AIHF is commonly low, the MBR-IR in this study population can be an alternative to MFR.
Prognostic Value of MBR-IR for MACE
Patient prognosis in cases with low MFR is poor, even in the absence of myocardial perfusion defects (18, 24) . In the present study, 12 of 22 (55%) patients with AIHF experienced MACE within the 5-y follow-up period. Of these, 10 patients were from the low-MBR-IR group (83%), whereas only 2 patients were from the high-MBR-IR group (17%). Ziadi et al. reported that patients with abnormal MFR experienced MACE significantly more than the other groups within the first follow-up year (24%) (18) . The proportion of MACE occurrence in this study was 18% in the first year, a value identical to the report mentioned above. Slart et al. reported that patients with low MFR (,1.34) had the poorest outcomes compared with the 2 other groups (MFR . 1.69 and 1.34-1.69) (25) . Similarly, the results from this study showed that patients with low MBR-IR have poorer prognoses than patients with high MBR-IR. In summary, MBR-IR derived from nicorandilstress myocardial perfusion SPECT appears to have a high prognostic value for MACE, similarly to MFR derived from myocardial perfusion PET/CT.
The main limitation of this study was the small patient sample size of 22. Statistical reliability is thus limited. Although the patient parameters other than MBR-IR were not found to have prognostic value in this study, it is widely accepted that factors such as diabetes mellitus, previous myocardial infarction, and SSS are associated with MACE (26, 27) . However, because low MBR-IR was the sole independent factor associated with MACE occurrence, we may infer that low MBR-IR is indeed a strong predictor for MACE. A further limitation in the study is the lack of both a control group and a group with mild coronary artery disease. As a result, the value of MBR-IR in healthy patients is unknown, as is the predictive value of Categorical data are expressed as counts (%), and continuous data are expressed as mean ± SD or median (25th-75th).
MBR-IR in patients with milder coronary artery disease. Nonetheless, it may be speculated that the lower limit for healthy MBR-IR is similar to that of MBF-IR (20) . In this study, rest and nicorandil-stress tests were conducted on separate days to ensure complete tracer elimination for each test. However, this interval may have allowed for fluctuation in the patients' clinical condition, although the order that the tests were conducted in was randomized to reduce the influence of such changes. Usually, rest and stress myocardial perfusion SPECT tests using vasodilators are performed in a single day. This MBR-IR calculation could also be applied to the conventional stress myocardial perfusion SPECT. We believe this method is instrumental for detecting multivessel coronary artery disease. NYHA 5 New York Heart Association; BNP 5 brain natriuretic peptide; SSS 5 summed stress score; SRS 5 summed rest score; MPI 5 myocardial perfusion imaging; PCI 5 percutaneous coronary intervention; CABG 5 coronary artery bypass grafting; ARB 5 angiotensin receptor blocker; ICD 5 implantable cardioverter-defibrillator.
FIGURE 2.
A 77-y-old man with acute ischemic heart failure in high-MBR-IR group. Rest myocardial perfusion SPECT images show anteroseptalapical and distal inferior perfusion defects, and perfusion improvement is observed for anteroseptal wall in nicorandil-stress images, excluding central area of previous myocardial infarction site. MBR-IR is relatively high for an AIHF patient, with a value of 1.48. This patient remained MACE-free for entire 5-y follow-up period. A 69-y-old woman with acute ischemic heart failure in low-MBR-IR group. Nicorandil stress and rest myocardial perfusion SPECT images show anteroseptal-apical perfusion defects, and perfusion improvement is observed only in marginal zone of previous myocardial infarction site in nicorandil-stress images. MBR-IR is low, with a value of 1.09. This patient was hospitalized due to deterioration of heart failure 189 d after initial onset.
